In the framework of fighting against the poor quality medicines sold in developing countries using classical analytical methods easily accessible in those countries, four UV-Visible spectrophotometric methods for one antimalarial (quinine) and two antibiotics (amoxicillin and metronidazole) have been developed and validated according to the total error strategy using the accuracy profiles as a decision tool. The dosing range was 2 -10 µg/mL (for quinine sulfate in tablet), 4 -12 µg/mL (for quinine bichlorhydrate in oral drop-metronidazole benzaote in oral suspension) and 15 -35 µg/mL (for amoxicillin trihydrate in capsule). The validated methods were then applied in determining the content of some analogous medicines sold in the Democratic Republic of Congo. Thus, the proposed UV-Visible spectrophotometric methods are simple and suitable to quantify quinine, amoxicillin and metronidazole in different pharmaceutical forms.
Introduction
Nowadays, malaria remains the most dramatic tropical parasitic disease in the world. It is responsible of more than one million deaths annually. Nearly 60% of the world population lives in areas at risk, namely in Africa, Asia, Central America and South America [1] .
Used a longtime ago in the treatment of uncomplicated malaria, monotherapy drug treatment have shown increasing cases of resistance mainly of Plasmodium falciparum [2] . To avoid this phenomenon towards recent antimalarial drugs, World Health Organization (WHO) recommended the use of combination therapies such as the Artemisinin-based combination [3] - [6] . Hence, quinine is still recommended alone in the treatment of severe malaria attacks as well as for chloroquine-resistant falciparum malaria [7] .
Malaria disease is often accompanied with symptoms such as fever, diarrhea, vomiting and some infections, which justifies the medical prescription of other drugs that can relieve these symptoms and treat these infections besides of antimalarial medicine. Amoxicillin and metronidazole are among the most used antibiotics and antiparasitic to treat certain infections. These kinds of medicines are very often bought in self-medication in many developing countries.
Besides the high risk of failure treatment due to plasmodial resistance to monotherapy, the spread of illicit distribution and the marketing of poor quality medicines worldwide and particularly in developing countries are seriously affecting the success of this treatment. Several other consequences towards the public health can be noticed such as adverse reactions, increase of morbidity and of mortality as well as loss of public confidence and waste of scarce resources, etc. [8] . Poor quality medicines can be classified into three main categories: Counterfeit, substandard and degraded medicines [9] . WHO reported that 6% of drugs worldwide are counterfeit while Food and Drug Administration (FDA, USA) estimated this proportion to 10% [10] . In fact, the true proportion cannot be estimated since values vary from one region to another and are related to a certain period. In 2003, P. Newton et al. published the results of a survey conducted in Southeast Asia on the medicines containing artesunate that is used against malaria chemo-resistant. In 40% of cases, these medicines were found to be falsified [11] . Therefore, to guarantee an access of populations to safe and sure medicines, it is important to set up appropriate measures that will allow evaluating and preserving the quality of those medicines, for example: having appropriate analytical method, strong quality assurance and regulatory, etc.
However, several laboratories in the developing countries do not yet dispose new analytical technology capable of satisfying to these requirements (HPLC, GC etc.). They still apply the classic methods such as titration or those described in pharmacopoeia for raw material analysis that they adapt and the UV-Visible spectrophotometric methods. Hence, these methods are affordable, available and technically feasible. Therefore, it is mandatory to verify if this adaptation fits well with the new purpose namely the assay of the active ingredient in new pharmaceutical formulations usually not described qualitatively of quantitatively.
In this study, we were interested to verify by means of validation four UV-Visible spectrophotometric methods currently used in several quality control laboratories in Kinshasa in Democratic Republic of Congo (DRC): method for the determination of quinine 20% in oral drops and of quinine tablets 500 mg, method for the determination of amoxicillin trihydrate (3H 2 O) 500 mg in capsule and method for the determination of metronidazole 125 mg/5mL in oral suspension. The validation of analytical methods is an obligation concept that is relatively recent in main sub-Saharan countries however that is increasing in requirement by legal health authorities. For the preparation of validation standards, four matrix formulations were provided by the Indian manufacturing laboratories legally authorized in the DRC. 
Method Validation Strategy
Validation of an assay is a set of operations carried out to demonstrate that a procedure is sufficiently accurate and reliable to have confidence in the results provided for the intended use (of the assay) [12] - [16] . Several strategies have been developed for this purpose [12] [17]- [22] . From a statistical point of view, they have certain insufficiency including the lack of consideration of decision making based on acceptance limits defined a priori, lack of use of the risk related to the future use of the method. A new validation strategy based on the accuracy profile was described [23] [24] . It is in perfect agreement with the objective of an analytical method, namely its ability to quantify as accurately as possible each of the unknown quantities a laboratory will determine in the future [24] . This new validation strategy combines two basic and fundamental criteria, bias and precision to the final result of a measurement, and therefore reflect the total measurement error, systematic error and random error, respectively [23] . The principle of this validation strategy can be translated by Equation (1) which states that the difference between a value of measurement (x) and its true value (μ) must be less than an acceptance limit (λ).
From Equation (1), one can notice that the consideration of acceptance limits introduces a first concept for the analyst to take decisions based on the objective of the analytical method and the limitation or control of error propagation. Commonly, the acceptance limit is fixed at 1% or at 2% for the assay of active ingredients in a raw material, at 5% for dosage forms [23] [24] . In other referential, it is set at 10% for pharmaceutical dosage forms [25] . Always from the Equation (1), one can notice a second concept the accuracy profile that is constructed from estimates of the tolerance interval of β-expectation measurements at each concentration level. Another important concept derived from that Equation (1) is the set of "good analytical procedure" with a known risk which may result in the following equation:
With β the proportion of measurements within the limits of acceptance, and λ the quantity defining the acceptance limits fixed a priori according to the constraints of the industry. The risk of a procedure is evaluated by the proportion of measurements (Pr) that could be out of the acceptance limits [23] [26] . Thus, the accuracy profile can be considered as a decision tool based on the risk associated with the method. The concept of risk is related to the guarantee for the future analysis of unknown samples while applying the validated method. As a decision tool, the accuracy profile can be used to accept or reject an analytical method according to the expected usage. Thus decision tool can be exploited as a diagnostic tool, for example, to select the most suitable regression model for calibration, to determine the limits of upper and lower quantification that will define the dosing interval [27] .
Experimentation

Chemical and Reagents
Amoxicillin trihydrate (99.1%) and metronidazole benzoate (99.9%) were purchased from Fagron N. V. (Waregem, Belgium), quinine sulfate (96.9%) from Sigma Aldrich (Antwerp, Belgium) and quinine bichlorhydrate (100.8%) from Molekula Limited (Dorset, UK). Sodium hydroxide was supplied from Merck (Darmstadt, Germany) while the following excipients aerosil, avicel, benzoic acid, gelatin, lactose, magnesium stearate, propylene glycol, talc, starch, sodium benzoate, sorbitol, sodium saccharin, sodium carboxymethyl cellulose (CMC), tween 80, xanthine gum were obtained at New Cesamex Laboratory (Kinshasa, DRC).
Materials
The spectrophotometer used was brand HP/Agilent 8453 with Chemstation software from Agilent Technologies (Gyeonggi-do, South Korea) and an electronic analytical balance SHIMADZU AUW 220 D (Kyoto, Japan). Prior to their use, the material were qualified according to an internal qualification procedure. The wavelengths used were 229 nm for amoxicillin, 235 nm for quinine and for metronidazole. Ultrapure water was obtained from Aqua MaxTM-Basic 360 series, purification system from YL Instruments (Gyeonggi-do, South Korea).
For statistical data treatment, validation treatment and graph drawing, the Enoval ® software v3.0 (Arlenda, Liege, Belgium) was used.
Standard Sample Preparations
Four different dissolutions solvent were used for the dissolution of the active ingredients: ultra pure water for quinine dihydrochloride, methanol for quinine sulfate and metronidazole benzoate, 0.1 N sodium hydroxide for amoxicillin trihydrate. The same solvent was used as blank. The stock solutions were prepared by dissolving 10 mg of each of the active ingredients in 100 mL of solvent corresponding to dissolution media.
For the calibration standards (CS), dilutions were performed in different dissolutions solvent in order to obtain solutions at three concentration levels (m = 3), as mentioned in Table 1 .
For validation standards (VS), independent stock solutions of the active ingredients were prepared in the same way as described for the CS. The excipients of each pharmaceutical formulation were added in stock solutions.
Subsequent dilutions were carried out in dissolutions solvent to obtain solutions at five different concentration levels (m = 5), as mentioned in Table 2 .
The VS were independently prepared in the matrix, in such a way to simulate as much as possible the corresponding formulation and its routine analysis. For each concentration level and each standard, three independent repetitions (n = 3) were performed daily for three days (p = 3). 
. Consideration of Different Limits
As a first step in the validation of the four UV-Visible spectrophotometric methods evaluated in this study, the acceptance limit was settled at 10% that corresponds to the assay specification of 90.0% -110.0% for the pharmaceutical formulations concerned. Unless specified, we have considered a risk of 5%, meaning that the assay method should give guarantee of having 95% of future measurements within the 10% acceptance limits.
Evaluation of Quality of Results
After having run the practical experiences of validation according to the experimental design, several tools were used to evaluate the quality of the results collected for each analytical method. At first, by means of calibration standards data several regression models were computed and used to evaluate the fitting of the validation standards. For each regression model, several indexes were computed, namely, the precision, the trueness and the dosing range. An index value closer to 1 indicated a good suitability of the validation parameters, e.g., good precision, good trueness according to the 10% acceptance limits, whereas a dosing range index closer to 1 relates to the ability of the assay method to cover the maximum of the tested range for quantification. In Table 3 we reported only the most adequate and appropriate regression models to easy use in routine. The accuracy index values were also computed as the geometric mean of the three other indexes. As can be seen, the accuracy indexes for quinine sulfate in tablet, quinine bichlorhydrate in oral drop, metronidazole benzoate in oral suspension and amoxicillin trihydrate in capsule were all above 0.82 indicating very good method accuracy with the ability to quantifiy quinine sulfate, quinine bichlorhydrate, metronidazole benzoate and amoxicillin trihydrate all over the tested dosing range (index of 1).
Validation Parameters
The following models were selected to evaluate the other validation parameters: linear regression for quinine bichlorhydrate in oral drop and for metronidazole benzoate in oral suspension, linear regression through 0 fitted using the highest concentration level only for quinine sulfate in tablet and for amoxicillin trihydrate in suspension. The risks were set at 5% in all cases. 
Method Selectivity
As a next step, the selectivity criteria was evaluated for each UV-Visible spectrophotometric method using the matrix blank containing only the excipients of drug as mentioned in Table 2 with the compound not targeted by the method. No interference was observed as analytical response.
Trueness
The results of trueness illustrate the mean of bias observed between the series of measurements and the reference concentrations. Using the calibration curve of each analyte and the concentrations of the validation standards (VS) was back-calculated and expressed in terms of absolute bias (µg/mL) and relative bias (%). As shown in Table 4 , the trueness of the developed methods was found acceptable since the relative biases were below 2.78%.
Precision
Precision refers to the ability of the methods to provide proximate results obtained from multiple measurements of the same samples, under the same conditions. It was expressed in terms of relative standard deviation (RSD, %) for repeatability (intraday variations) and intermediate precision (inter-day variations) at each concentration level. As shown in Table 4 , precision was found acceptable, as the RSD values for repeatability and intermediate precision were below 2.37% and 2.62%, respectively. 
Accuracy
The accuracy was determined by the 95% β-expectation tolerance interval in order to observe the closeness of agreement of every single concentration measured by the method, and the assumed true value of this concentration. It combines the uncertainties of trueness and precision and is expressed as actual values and as a percentage of the targeted concentration ( Table 4) . As shown in Figure 2 , all methods were found accurate all over the tested concentration levels since the lower and upper tolerance intervals were included within the 10% acceptance limits, guaranteeing that 95% of the future quantification results will be accurate in the dosing ranges evaluated. However, the four methods are able to quantify largely the corresponding analytes at the target concentration 100.0% that correspond to 8 µg/mL of quinine sulfate for tablet, 10 µg/mL of quinine bichlorhydrate for oral drop and metronidazole benzoate for oral suspension and to 30 µg/mL of amoxicillin trihydrate for capsule. In addition, the four methods are also able to quantify largely the corresponding analytes at ±10.0% of the claimed content that can ensure the control during the release of batch production as well quantification of low or high content.
Linearity
The linearity of results was also evaluated for the four tested methods. It expresses the ability of the methods to give results directly proportional to the concentrations. Indication about linearity is given by the parameters of the linearity equation, namely the coefficient of determination (R 2 ), the slope and the y-intercept. As can be seen in Table 4 , the relationship was assumed linear for the four methods as the R 2 values and the slope were close to one with acceptable intercepts fairly near to zero. Figure 3 shows that, for each concentration level, the absolute 95% β-expectation tolerance limits were all within the absolute acceptance, confirming the linearity of these four UV-Visible spectrophotometric methods.
Limits of Quantification (LOQ)
As the smallest quantity of the targeted substance in the sample that can be assayed under experimental conditions with a well-defined accuracy, the LOQ was evaluated by calculating the smallest concentration beyond which the accuracy limits or β-expectation tolerance limits go outside the acceptance limits. As the accuracy profile was included inside the acceptance limits (Figure 2) , the first concentration level was considered as the lower LOQ for all molecules studied (2 µg/mL for quinine sulfate in tablet, 4 µg/mL for quinine bichlorhydrate in oral drop and for metronidazole benzoate in oral suspension and 15 µg/mL for amoxicillin trihydrate in capsule). On the other hand, the upper LOQ was evaluated as the highest quantity of the targeted substance in the sample that can be assayed under experimental conditions with a well-defined accuracy. It was estimated by calculating the highest concentration above which the accuracy limits or β-expectation tolerance limits go outside the acceptance limits. For all the four tested methods, the upper LOQ were the highest concentration levels, namely 10 µg/mL for quinine sulfate in tablet, 12 µg/mL for quinine bichlorhydrate in oral drop and for metronidazole benzoate in oral suspension and 35 µg/mL for amoxicillin trihydrate in capsule. 
. Risk Profile
In this study, the risk profile was used to investigate the risk of having future measurements falling outside of the 10% acceptance limits for each concentration level taking into account each analyte with its matrix and the selected regression model. Figure 4 shows that the risks of having future measurements outside the 10% acceptance limits were practically below 1.3% at all over the tested concentration range.
When analyzing of these products in routine, only about 98.7 times out of 100 the future measurements will be included in the 10% acceptance limits.
Uncertainty of Measurements
The uncertainty corresponds to the dispersion of the values that could reasonably be attributed to the measurand. The uncertainty was derived from the variance used to build the β-expectation tolerance limits at each concentration level tested, prior to intermediate precision, between and within-series variances [27] . As shown in Table 4 , uncertainties of measurements of the developed methods were found acceptable since the relative expanded uncertainty were below 5.64%, confirming that all the results are within the 10% acceptance limit. 
Application
The validated methods were applied for the determination of the four active ingredients (quinine sulfate, quinine bichlorhydrate, amoxicillin, and metronidazole) in several brand pharmaceutical products coded A, B, C, D, and purchased in the DRC. The samples were obtained in non legal Pharmacy located in suburban areas. As it can be noticed in Table 5 , all the targeted and claimed active ingredients were quantified and only three products (code C001 and C002 suspension containing metronidazole benzoate and code D001 capsule containing amoxicillin trihydrate) were not compliant with the assay specification 90.0% -110.0% for the analyzed compound [25] .
Conclusion
In the framework of fighting against the phenomenon of poor quality medecines that affects mostly developing countries and ensure that the assay tests results are reliable for UV-Visible spectrophotometric methods, it was necessary to validate these methods and use them for routine analysis in the future. In order to fight this problem, easily accessible classical analytical methods were developed. Four methods were concerned and were validated for the quantitative analysis of active substances present in pharmaceutical formulations suspected to be of poor quality. For these UV-Visible spectrophotometric methods, the assay method of quinine sulfate in tablets was validated in the dosing range of 2 µg/mL to 10 µg/mL, the assay methods for quinine bichlorhydrate in oral drop and metronidazole benzoate in oral suspension were validated in the range of 4 µg/mL to 12 µg/mL and amoxicillin trihydrate in capsule was validated in the range of 15 µg/mL to 35 µg/mL. The strategy of the total error has been used to validate these methods that present advantages of being also simple, rapid and affordable. Finally, the methods have been successfully applied to the determination of quinine, amoxicillin and metronidazole in fifteen pharmaceuticals marketed in DRC. 
